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Dominant Recessive
3AL R-A1b  (R 2) R-A1a  (r 2)
3BL R-B1b  (R 3) R-B1a  (r 3)
3DL R-D1b  (R 1) R-D1a  (r 1)
࣭Seed coat color is a Mendelian inheritance trait.
Chromosome Allele
࣭Two notations have been used for the alleles, the older of
which is shown in  parentheses (McIntosh et al. 1998;
Heyne and Livers 1953; Metzger and Silbaugh 1970).
࣭Phenotypes of seed coat color are not identified until one
generation later because the seed coat is a maternal tissue.
Table 1  R loci controlling seed coat color in wheat
㎰◊ᶵᵓ◊✲ሗ࿌ࠉ໭ᾏ㐨㎰ᴗ◊✲ࢭࣥࢱ࣮ࠉ➨ྕ
㸦㸧ࡀ㉥⢏ရ✀ࠕࢮࣥࢥ࢘ࢪࢥ࣒ࢠࠖ࠿ࡽ༢
㞳ࡋࡓTamyb10-D1ࢆ㑇ఏᏊ⤌᥮࠼ᢏ⾡࡟ࡼࡾⓑ⢏
ရ✀ࠕ)LHOGHUࠖ࡟ᑟධࡋࡓ࡜ࡇࢁࠕ)LHOGHUࠖࡀ
㉥⢏࡟ኚࢃࡗࡓࡇ࡜࠿ࡽ㸪Tamyb10㑇ఏᏊࡀ5ᗙࡢ
ཎᅉ㑇ఏᏊ࡛࠶ࡿࡇ࡜ࡀド᫂ࡉࢀࡓࠋ⌧ᅾࡢ࡜ࡇ
ࢁ㸪Tamyb10-A1㸪Tamyb10-B1㸪Tamyb10-D1㑇ఏᏊ
࡟ࡣ㸪ࡑࢀࡒࢀࡘ㸦ᶵ⬟ᆺࡘ࡜ᶵ⬟Ḟኻᆺࡘ㸧
ࡢ」ᑐ❧㑇ఏᏊ㸪ࡘ㸦ᶵ⬟ᆺ࡜ᶵ⬟Ḟኻᆺ㸧㸪ཬ
ࡧࡘ㸦ᶵ⬟ᆺ࡜ᶵ⬟Ḟኻᆺ㸧ࡢᑐ❧㑇ఏᏊࡀሗ࿌
ࡉࢀ࡚࠸ࡿ㸦+LPLࡽ㸪㸧ࠋࡑࡢࡓࡵ㸪ရ✀ࡸᅛ
ᐃ⣔⤫࡟࠾࠸࡚Tamyb10ࡢ㑇ఏᏊᆺ࡟ࡣᑡ࡞ࡃ࡜ࡶ
[[ࡢ㏻ࡾࡢ⤌ࡳྜࢃࡏࡀᏑᅾࡍࡿࠋ஺㓄ᚋ௦
ࡢศ㞳㞟ᅋ࡟࠾࠸࡚ࡣTamyb10-A1㸪Tamyb10-B1㸪
Tamyb10-D1㑇ఏᏊࡢࡑࢀࡒࢀ࡟࣊ࢸࣟࡢ㑇ఏᏊᆺ
ࡀᏑᅾࡍࡿࡓࡵ㸪ࡉࡽ࡟ከࡃࡢ⤌ࡳྜࢃࡏࡀᏑᅾࡋ
」㞧࡛࠶ࡿࠋࡑࡢ࠺ࡕⓑ⢏ࡢ⾲⌧ᆺࢆ♧ࡍ⤌ࡳྜࢃ
ࡏࡣᶵ⬟Ḟኻᆺࡢ[[ࡢ㏻ࡾࡢࡳ࡛࠶ࡿࠋ
ࠉTamyb10ࡢ㑇ఏᏊᆺࢆุᐃࡍࡿࡓࡵࡢ᪉ἲ࡜ࡋ
࡚㸪+LPLࡽ㸦㸧࡟ࡣ㸪✀㢮ࡢࣉࣛ࢖࣐࣮ࢆ⏝
࠸ࡓ᳨య࡟ࡘࡁ཯ᛂࡢ3&5ࢆ⾜࠺᪉ἲࡀࠊࣉࣛ࢖
࣐࣮ሷᇶ㓄ิ᝟ሗ࡜࡜ࡶ࡟グ㍕ࡉࢀ࡚࠸ࡿࠋࡇࡢ᪉
ἲࡣ5ᗙࢆά⏝ࡋࡓᑠ㯏ࡢ⫱✀࡟ά⏝ࡍࡿࡇ࡜ࡀ࡛
ࡁࡿࡀ㸪᳨య࡟ࡘࡁ཯ᛂࡢ3&5ࢆ⾜࠺ࡢࡣ↹㞧࡛
࠶ࡿࡓࡵ㸪ࡼࡾ⡆౽࡞᪉ἲࡢ㛤Ⓨࡀᮃࡲࢀ࡚࠸ࡓࠋ
ϩ㸬ᮦᩱ࠾ࡼࡧ᪉ἲ
㸯㸬౪ヨရ✀࣭⣔⤫࠾ࡼࡧ'1$ᢳฟ
ࠉ7DEOH ࡟♧ࡍᑠ㯏ရ✀㸸ࠕ)LHOGHU 㸦ࠖ࢔࢖ࢲ
࣍㎰ᴗヨ㦂ሙ⫱ᡂ㸪ᩥ㒊⛉Ꮫ┬ࢼࢩࣙࢼࣝࣂ࢖࢜
ࣜࢯ࣮ࢫࣉࣟࢪ࢙ࢡࢺࢆ௓ࡋ࡚ி㒔኱Ꮫ኱Ꮫ㝔㎰
Ꮫ◊✲⛉ࡼࡾᥦ౪㸪⣔⤫␒ྕ.7㸧㸪ࠕࢱ࣐
࢖ࢬ࣑ 㸦ࠖ㎰◊ᶵᵓ࣭స≀◊✲ᡤ⫱ᡂ㸧㸪ࠕࢮࣥࢥ࢘
ࢪࢥ࣒ࢠ 㸦ࠖ㛗㔝┴㎰ᴗヨ㦂ሙ⫱ᡂ㸧㸪ࠕ$86ࠖ
㸦࣮࢜ࢫࢺࣛࣜ࢔ရ✀㸧㸪ࠕࡺࡵࡕ࠿ࡽ 㸦ࠖ㎰◊ᶵ
ᵓ࣭໭ᾏ㐨㎰ᴗ◊✲ࢭࣥࢱ࣮⫱ᡂ㸧㸪ࠕࡁࡓ࡯࡞ࡳࠖ
㸦㐨⥲◊࣭໭ぢ㎰ᴗヨ㦂ሙ⫱ᡂ㸧㸪ཬࡧࠕ&KLQHVH
6SULQJ 㸦ࠖ㑇ఏᏛୖࡢᶆ‽ရ✀㸧ࢆ౪ヨࡋࡓࠋࡇࡢ
࠺ࡕࠕࢮࣥࢥ࢘ࢪࢥ࣒ࢠ 㸪ࠖࠕࡺࡵࡕ࠿ࡽ 㸪ࠖࠕࡁࡓ࡯
࡞ࡳ 㸪ࠖཬࡧࠕ&KLQHVH 6SULQJࠖࡢရ✀ࡣ㉥⢏࡛
࠶ࡿࠋࠕࢮࣥࢥ࢘ࢪࢥ࣒ࢠࠖ࡜ࠕ&KLQHVH 6SULQJࠖ
ࡢ$㸪%㸪'ࢤࣀ࣒ࡢ5ᗙࡢ㑇ఏᏊᆺࡣ㸪ࡑࢀࡒࢀ
R-A1aR-B1bR-D1b㸪R-A1aR-B1aR-D1b࡛࠶ࡿ
㸦0LXUDࡽ㸪㸹+H\QH࡜/LYHUV㸪㸧ࠋࠕࡺࡵ
ࡕ࠿ࡽࠖ࡜ࠕࡁࡓ࡯࡞ࡳࠖࡢ5ᗙ࡟ࡘ࠸࡚ࡣሗ࿌ࡀ
↓࠸ࠋṧࡾရ✀㸸ࠕ)LHOGHU 㸪ࠖࠕࢱ࣐࢖ࢬ࣑ 㸪ࠖ
ཬࡧࠕ$86ࠖࡣⓑ⢏࡛࠶ࡿࠋࠕࢱ࣐࢖ࢬ࣑ࠖ࡜
ࠕ$86ࠖࡢ㑇ఏᏊᆺࡣR-A1aR-B1aR-D1a࡛࠶
ࡿ㸦+LPLࡽ㸪㸧ࠋࠕ)LHOGHUࠖࡢ5ᗙ࡟ࡘ࠸࡚ࡣࡇ
ࢀࡲ࡛࡟ሗ࿌ࡀ↓࠸ࡀ㸪ⓑ⢏ࡀຎᛶ࣍ࣔࡢ⾲⌧ᆺ࡛
࠶ࡿࡇ࡜࠿ࡽR-A1aR-B1aR-D1a࡜᥎ᐃࡉࢀࡿࠋ
ࠉࡲࡓ㸪ⓑ⢏⣔⤫࡬ࠕࢮࣥࢥ࢘ࢪࢥ࣒ࢠࠖࢆᡠࡋ஺
㓄ࡋࡓ⣔⤫ࡢศ㞳㞟ᅋࢆ౪ヨࡋࡓࠋ
ࠉᗂ᳜≀ࡢⴥ࠿ࡽ㸪4,$*(1♫ࡢ'1HDV\3ODQW.LWࢆ
⏝࠸௜ᒓࡢࣉࣟࢺࢥ࣮ࣝ࡟ᚑࡗ࡚'1$ࢆᢳฟࡋࡓࠋ
㸰㸬3&5࡟ࡼࡿTamyb10ࡢ㑇ఏᏊᆺุᐃ
ࠉ᭱ึ࡟㸪✀⓶Ⰽ㑇ఏᏊᆺࡀ᪤▱ࡲࡓࡣ᥎ᐃࡉࢀ࡚
࠸ࡿࠕ)LHOGHU 㸦ࠖⓑ⢏㸧㸪ࠕࢱ࣐࢖ࢬ࣑ 㸦ࠖⓑ⢏㸧㸪
ࠕࢮࣥࢥ࢘ࢪࢥ࣒ࢠ 㸦ࠖ㉥⢏㸧㸪ཬࡧࠕ$86 㸦ࠖⓑ
⢏㸧ࡢရ✀࡟ࡘ࠸࡚㸪+LPLࡽࡢ᪉ἲ㸦㸧㸦௨
ୗ㸪ᚑ᮶ἲ࡜グࡍ㸧࡟ࡼࡗ࡚✀㢮ࡢࣉࣛ࢖࣐࣮ࢆ
⏝࠸࡚᳨య࡟ࡘࡁ཯ᛂࡢ3&5࡟ࡼࡾTamyb10ࡢ㑇
Phenotype
Variety R-A1 R-B1 R-D1 Grain color Reference
Fielder a a a White -
Tamaizumi a  (CS type) a a White Himi et al. (2011)
Zenkojikomugi a  (CS type) b b Red Miura et al. (2002)
AUS1408 a  (GeST  insertion) a a White Himi et al. (2011)
Yumechikara No information No information No information Red -
Kitahonami No information No information No information Red -
Chinese Spring a  (CS type) a b Red Heyne and Livers (1953)
b : functional.
Genotype
a : non-functional.  There are two types of non-functional Tamyb10-A1 genes linked with  R-A1a : Chinese Spring
type (CS type) and Genome Surfing Trader  insertion (GeST  insertion) (Himi et al. 2011).
Table 2  Genotypes of R loci in white- or red-grained wheat varieties used in this study
࣐ࣝࢳࣉࣞࢵࢡࢫ3&5࡟ࡼࡿᑠ㯏✀⓶Ⰽ㑇ఏᏊᆺุᐃࡢ⡆౽ἲ 
ఏᏊᆺุᐃࢆ⾜ࡗࡓࠋᚑ᮶ἲ࡟⏝࠸ࡿࣉࣛ࢖࣐࣮ࡢ
㑇ఏᏊୖࡢ࠾࠾ࡼࡑࡢ఩⨨࡜᪉ྥࢆ)LJᕥᅗ࡟♧
ࡍࠋ
ࠉḟ࡟㸪ྠࡌရ✀࡟ࡘ࠸࡚㸪ᮏሗ࡛⤂௓ࡍࡿ᪂
つ⡆౽ἲࡢ཯ᛂࡢ࣐ࣝࢳࣉࣞࢵࢡࢫ3&5࡟ࡼࡾ
Tamyb10ࡢ㑇ఏᏊᆺุᐃࢆ⾜ࡗࡓࠋ➨ࡢ࣐ࣝࢳࣉ
ࣞࢵࢡࢫ3&5ࡢ᪉ἲࢆ7DEOH ࡟♧ࡍࠋࡍ࡞ࢃࡕ㸪
ᚑ᮶ἲ࡛⏝࠸ࡽࢀࡿ✀㢮ࡢࣉࣛ࢖࣐࣮㸦7DP\E
/3㸪7DP\E/3㸪7DP\E53㸪ཬࡧ7DP\E
/3㸧㸪ཬࡧ᪂ࡓ࡟タィࡋࡓࣉࣛ࢖࣐࣮㸦$53㸧ࡢ
ྜィ✀㢮ࡢࣉࣛ࢖࣐࣮࠿ࡽ࡞ࡿࢭࢵࢺ࡜㗪ᆺ'1$
ࢆඹᏑࡉࡏ࡚3&5ࢆ⾜࠺ࡇ࡜࡟ࡼࡾ㸪Tamyb10-A1
ࡢ㑇ఏᏊᆺุᐃࢆ⾜ࡗࡓࠋ➨ࡢ࣐ࣝࢳࣉࣞࢵࢡࢫ
3&5ࡢ᪉ἲࢆ7DEOH ࡟♧ࡍࠋࡍ࡞ࢃࡕ㸪ᚑ᮶ἲ࡛
⏝࠸ࡽࢀࡿ✀㢮ࡢࣉࣛ࢖࣐࣮㸦7DP\E/3ཬࡧ
7DP\E53㸧㸪ཬࡧ᪂ࡓ࡟タィࡋࡓ✀㢮ࡢࣉࣛ࢖
Table 3  Method of multiplex PCR 1 for genotyping of Tamyb10-A1
Primers, amplicon sizes, and functionality
Gene Amplicon size
A(1)' Tamyb10-LP6 1,059 bp Functional
A(2) Tamyb10-LP7 536 bp Non-functional (Chinese Spring type)
A(3)' Tamyb10-LP8 ARP1 412 bp Non-functional (GeST  insertion)
Multiplex primers Functional/non-functional
Tamyb10-RP4
Primers information
Primer Reference/sequence
Tamyb10-LP6
Tamyb10-LP7
Tamyb10-RP4
Tamyb10-LP8
ARP1 CCGCAGCATTTAACTTGTAGC
Himi et al. (2011)
Composition of the reaction mixture for multiplex PCR 1
Reaction mixture for multiplex PCR 1 (total 20 ul) Final concentration
100 ng/ul genomic DNA 1 ul 5 ng/ul genomic DNA
10XEx Taq  Buffer (Mg2+ plus)* 2 1XEx Taq  Buffer (Mg2+ plus)
2.5 mM dNTP Mixture 1.6 200 uM dNTP Mixture
50% Glycerol 4 10% Glycerol
10 uM Tamyb10-LP6 0.4 0.2 uM Tamyb10-LP6
10 uM Tamyb10-LP7 0.4 0.2 uM Tamyb10-LP7
10 uM Tamyb10-RP4 0.4 0.2 uM Tamyb10-RP4
10 uM Tamyb10-LP8 0.4 0.2 uM Tamyb10-LP8
10 uM ARP1 0.4 0.2 uM ARP1
TAKARA EX Taq  HS (5 U/ul)** 0.1 0.025 U/ul TAKARA EX Taq  HS
Distilled water up to 20 -
*, **: Supplied by Takara Bio Inc..
According to the cool start method.
Multiplex PCR 1
94ÛC 2 min
94ÛC 30 sec
61ÛC 30 sec
72ÛC 1 min
72ÛC 7 min
30 cycles
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Primers, amplicon sizes, and functionality
Gene Amplicon size
282 bp Functional
263 bp Non-functional (19-bp deletion form exon 3)
D DLP7 DRP7 209 bp Functional
Multiplex primers Functional/non-functional
B Tamyb10-LP2 Tamyb10-RP1
Primers information
Primer Reference/sequence
Tamyb10-LP2
Tamyb10-RP1
DLP7 CATCGAGCTGGGCTTCAT
DRP7 TCTGGCATTTTGACAGTTCC
Himi et al. (2011)
Composition of the reaction mixture for multiplex PCR 2
Reaction mixture for multiplex PCR 2 (total 20 ul) Final concentration
100 ng/ul genomic DNA 1 ul 5 ng/ul genomic DNA
10XEx Taq  Buffer (Mg2+ plus)* 2 1XEx Taq  Buffer (Mg2+ plus)
2.5 mM dNTP Mixture 1.6 200 uM dNTP Mixture
50% Glycerol 4 10% Glycerol
10 uM Tamyb10-LP2 0.4 0.2 uM Tamyb10-LP2
10 uM Tamyb10-RP1 0.4 0.2 uM Tamyb10-RP1
10 uM DLP7 0.4 0.2 uM DLP7
10 uM DRP7 0.4 0.2 uM DRP7
TAKARA EX Taq  HS (5 U/ul)** 0.1 0.025 U/ul TAKARA EX Taq  HS
Distilled water up to 20
*, **: Supplied by Takara Bio Inc..
According to the cool start method.
Multiplex PCR 2
94ÛC 2 min
94ÛC 30 sec
63ÛC 30 sec
72ÛC 20 sec
72ÛC 7 min
30 cycles
Table 4  Method of multiplex PCR 2 for genotyping of Tamyb10-B1 and Tamyb10-D1
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Fig. 1  PCR genotyping of Tamyb10 genes in four wheat varieties, using the previous method.
  Five PCRs were required for genotyping according to Himi et al. (2011). Left figures indicate genomic structures of 
Tamyb10 genes. Colored boxes indicate exons, empty boxes indicate introns or untranslated regions, and black and gray 
boxes indicate a non-functional sequence of Chinese Spring type. Arrows represent orientation and approximate locations 
of primers used for PCRs. CS*: Chinese Spring type; GeST**: insertion of a transposon-like sequence as a non-autonomous 
form.
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Fig. 2  Multiplex PCR genotyping of Tamyb10 genes in four same wheat varieties as Fig. 1, using the new method.
  Two Multiplex PCRs were carried out according to the methods in Tables 3 and 4. Left figures show genomic structures of 
Tamyb10 genes. Colored boxes indicate exons, empty boxes indicate introns or untranslated regions, and black and gray boxes 
indicate a non-functional sequence of Chinese Spring type. Arrows represent orientation and approximate locations of primers used 
for multiplex PCRs. Tamyb10-RP4 is a common reverse primer used to distinguish between A(1)’ and A(2). ARP1 is a reverse 
primer designed in this study to detect GeST in Tamyb10-A1, and DLP7 and DRP7 are a primers’ pair designed in this study to 
detect exon 3 of Tamyb10-D1. CS*: Chinese Spring type; GeST**: insertion of a transposon-like sequence as a non-autonomous 
form.
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Fig. 3  Multiplex PCR genotyping of Tamyb10 genes in two leading varieties from Hokkaido, using the new method. 
  Two multiplex PCRs were carried out according to the methods in Tables 3 and 4. Two leading varieties from Hokkaido, 
“Yumechikara” and “Kitahonami”, with unknown Tamyb10s genotypes, were analyzed with “Chinese Spring” as a control that 
genotype. CS*: Chinese Spring type.
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Fig. 4  A practical utilization example for the multiplex PCR genotyping of Tamyb10 genes in a backcross population.
 212 F2 segregants from a tenth backcross population (a white-grained line × 11 times of “Zenkojikomugi” (a red-grained variety)) 
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digest” was applied at the lanes at each end of each gel.
 %&10F2DQG%&10F2-22 plants marked in yellow showed the genotype R-A1aR-B1aR-D1a and their seed coat exhibited white 
color.
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Table 5  Genotype segregation of the seed coat color genes in 212 F2 plants from a 
backcross population
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Variety R-A1 R-B1 R-D1 Reference
Chinese Spring a a b
Pawnee a a b
Kharkof a b b
Red Bobs b a a
PI 178383 b b b
Norin 66 b a a
Fukuwasekomugi b a a
Norin 10 b a b
Asakazekomugi b a b
Kitakamikomugi a b b
Fukuhokomugi b b a
Norin 61 b b b
RL4137 b b b
Zenkogikomugi a b b Miura et al. (2002)
Yumechikara a b b
Kitahonami b a b This study (Fig. 3)
Genotype
Heyne and Livers (1953)
Metzger and Silbaugh (1970)
Kaneko et al. (1994)
Table 6  Genotypes of the seed coat color genes in red varieties
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